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Introduction
Changes in the delivery of primary care 1 have led to an increase in workload.
2 Much of this workload is accounted for by requests for same day appointments (urgent appointments), 3 home visits, 4 and out of hours calls. 56 Attempts to manage this workload include out of hours doctors' cooperatives 7 and delegation to nurses. [8] [9] [10] [11] Nurses can run minor illness clinics effectively, 12 and nurse practitioners provide an alternative to general practitioner care. 13 Randomised controlled trials have shown that nurse practitioners 14 15 and practice nurses 16 can cater for same day and urgent appointments, and this has led to calls for nurses to coordinate delivery of patient care. 17 Telephone consultation by doctors has increased, 18 as have telephone triage systems in accident and emergency, 19 in paediatrics, 20 and through health advice lines such as NHS Direct. 21 A recent study found that 19% of practices surveyed managed same day requests using telephone triage. 22 Evidence for the safety and effectiveness of this approach comes from one randomised controlled trial in which telephone triage of out of hours calls by a nurse did not increase adverse events. 23 Studies of the effect of triage on workload have been small and had a restricted focus (for example, calls in the morning only, 3 out of hours, 24 and home visit requests received before 10 30 am 4 ). Triage has been reported to reduce general practitioners' same day activity by between 25% and 49%, 342 4 but only one small study examined use of services after triage. This study found an increased rate of return to the practice within the first week after triage. 3 We are not aware of any studies of comprehensive nurse telephone triage systems for patients requesting same day appointments during working hours or of any studies examining the costs of such services in routine practice. We investigated the effect on general practitioner and nurse workloads and cost of patient care of nurse telephone triage and standard appointment management systems-both operating routinely in primary care.
Participants and methods
The study took place in a large general practice in York. The practice had five surgery sites in inner city York, a list size of 25 000, 16 general practitioners (nine full time, four part time, two retainers, and one registrar), and a nursing team consisting of one full time nurse team leader and seven practice nurses (whole time equivalents 3.3). The practice population had a slightly poorer standardised mortality ratio, higher unemployment, and more pensionable residents than the regional average. Three of the practice's surgery sites participated in the study, giving a total study population of 20 800.
Design
We chose a multiple interrupted time series design (figure) to detect differences between the two systems in routine practice. We entered all consecutive patients requesting same day appointments into the trial using the broadest possible inclusion criteria. We used three repeated measurement points to establish stable baselines at each site during standard management. Nine measurement points were used after the introduction of triage to allow multiple cross sectional comparisons of data during the sequential inclusion of the sites into the study. We chose this repeated measures design to control for threats to internal validity (such as increasing professional expertise) or continuous and discrete historical events (such as undefined health trends or defined events such as influenza epidemics). Sequential introduction of triage into multiple sites controlled for any interaction between the intervention, time, and different settings. At each site, therefore, for one week in each of three consecutive months, all patients requesting same day appointments entered the trial and were managed by the standard management system. The triage system was then continuously introduced, data being collected on patients for one week in each of the next nine months. Surgery sites entered the study sequentially at three monthly intervals. All patients requesting same day contact between 8 30 am and 5 pm during data collection weeks were eligible for the study (figure). The multiple measurement points allowed us to use autocorrelation analyses to assess for any trends caused by confounding effects of associations between data points over time, unrelated to the intervention.
Interventions
In both systems, patients requesting a same day appointment were offered a routine appointment by receptionists, who were instructed not to attempt any triage. If patients continued to request a same day appointment the following procedures applied:
Standard management-Patients requesting same day appointments were fitted into extra general practitioner appointments at the end of each surgery by receptionists. Occasionally, general practitioners took telephone calls and practice nurses saw some patients on an ad hoc basis.
Triage system-Receptionists passed on requests for same day appointments to six experienced practice nurses who had received 30 hours of minor illness management training and were supported by computerised management protocols developed by the practice. Nurses assessed and managed the call through telephone advice only, a same day nurse appointment, a same day general practitioner appointment, a home visit, or a routine nurse or general practitioner appointment. Individual nurses triaged patients across all three sites. The triage nurses could use reserved nurse and general practitioner appointment slots, to which they had sole access. The nurses' triage role was in addition to their usual routine duties, triage time being made available through a skill mix review reported in detail elsewhere. 25 Before data collection, both systems were pilot tested to ensure capacity was sufficient to meet the demand for same day appointments.
Measures
We collected data on all requests for same day appointments for one week in every month. A computer code was entered into the electronic record of patients receiving same day appointments to alert the general practitioner or nurse to record details of the consultation in standardised diaries. The information recorded included the type of consultation (telephone, appointment, or visit), the time taken for the consultation, up to three presenting complaints per patient (chosen from 10 categories; table 1), and up to three clinical decisions made during the consultation (chosen from 13 categories-for example, prescription, advice, or type of onward referral). We checked and validated diary data against clinical notes in the electronic patient record. We also used the electronic patient record to determine demographic details, final point of same day contact, and use of services during the month after contact.
All costs for same day appointment activity and one month follow up care were calculated at the level of the individual patient. We calculated costs of general practitioner and nurse time using salary and earning scales current at the time of the study multiplied by the length of consultation. Prescription costs were taken from the British National Formulary, and the costs of tests and emergency care were obtained from the local provider units. Because follow up consultations were not timed, we used the average time for telephone consultations, appointments, or home visits recorded in the standard management or triage conditions to calculate follow up general practitioner and nurse costs.
Analysis
We analysed the data on an intention to treat basis. The only patients for whom data were not analysed were those who had no further contact with a general practitioner or nurse after their request and so had no data recorded. All other patients requesting a same day service were entered into the analysis.
To determine if triage influenced the time taken to manage same day requests, we did time series analyses of the mean total, general practitioner, and nurse times per patient, checking for autocorrelations or seasonal effects for the complete sample and individual practices. We used these analyses to identify the independent variables to be fitted into an analysis of variance model to predict the time taken to manage requests by general practitioners, nurses, or both. As the time series analysis was based on a short series (18 data points), we retained "month" (both in real time and recoded for each practice from a baseline when triage actually started in that practice) in preliminary versions of the main analysis of variance model. We used general linear modelling procedures to estimate parameters and test goodness of fit. We calculated relative risks and associated confidence intervals for the final point of contact after standard management or triage and for the impact of different types of triage outcome on subsequent use of services.
We summated cost data for each individual patient, calculating sample means and standard deviations for each cost variable. We compared the average (mean) costs between the groups using independent t tests. Total cost data were positively skewed, and we therefore checked the validity of using the t test (that is, tested its robustness to non-normality) by bootstrapping and calculating 95% confidence intervals around the observed and bootstrapped means. Bootstrapping is a technique used to estimate standard errors and other methods of statistical precision. 26 We did sensitivity analyses using lower and higher estimates of staff costs and both local and national estimates of emergency and out of hours costs.
Results
We included 4685 patients, 1233 in standard management and 3452 in the triage system (figure). The triage group had more presenting complaints per patient, a higher proportion of respiratory and dermatological complaints, and fewer mental health complaints (table 1) .
At all surgery sites, triage resulted in fewer patients receiving a general practitioner appointment than standard management (table 2) . More patients in the triage group received telephone consultations (relative risk 2.41, 95% confidence interval 2.08 to 2.80) or nurse care (3.79, 3.21 to 4.48), and there was a small reduction in home visits (0.85, 0.72 to 1.00).
Time taken to manage same day requests
Apart from the effect of changing from a standard management to a triage system, time series analysis showed no significant autocorrelation or seasonal effect and no consistent pattern either for the complete sample or for individual practices (P > 0.05 in all cases). Once triage was allowed for in the model, there was neither a general time trend nor individual monthly effects. Management time in the triage system was higher, but both the total amount of general practitioner time and the proportion per patient was reduced (table 3) . The extra time required for triage and some of the existing general practitioner management time was taken up by nurses.
The model best fitted to predict general practitioner, nurse, and total time consisted of three independent variables-management system, final point of contact, and surgery site. The model also included at least one interaction between these three variables. Time trends or differences between individual months did not significantly improve the model. In particular, there was no evidence of an introductory learning curve after triage was introduced. Because of the large effect of home visits on total and general practitioner times, we reran these models with home visits omitted, which confirmed the results.
Triage took a mean 1.7 minutes longer per patient than standard management (P < 0.001), with nursing time 4.15 minutes longer (P < 0.001). However, management system and final point of contact interacted, in that fewer general practitioner appointments, general practitioner telephone consultations, and home visits in the triage system resulted in general practitioners spending a mean 2.45 minutes less per patient (P < 0.05). Final point of contact had the greatest influence on general practitioner (P < 0.001), nurse (P < 0.001), and total time (P < 0.001), with home visits and general practitioner appointments requiring the most time in both systems. Total and nursing time for all final points of contact except nurse telephone was greater in the triage system (P < 0.001). Total, general practitioner, and nursing time varied between surgery sites (P < 0.001 in all cases). Surgery site also modified the effect of final point of contact on total (P < 0.001), general practitioner (P < 0.001), and nurse time (P < 0.05). Therefore, whereas nurse time was influenced most by management system, general practitioner time was influenced by the numbers of patients at each final contact point, although the effect varied by surgery site.
Follow up care
More patients in the triage system returned for further practice based care within one month of the initial appointment request than in standard care (relative risk 1.11, 95% confidence interval 1.01 to 1.22). The mean number of return consultations was greater in triaged patients, and more patients used out of hours and accident and emergency services (table 4) . Patients were more likely to have contact with the practice after same day telephone care than after appointments (1.32, 1.23 to 1.41) and after nurse care than general practitioner care (1.15, 1.08 to 1.23).
Costs of providing a triage service
General practitioner same day costs and drug costs were significantly less for the triage patients, but these savings were offset by significant increases in costs for nurses (both for same day appointments and at follow up) and for out of hours and accident and emergency care (table 5) . General practitioner follow up costs increased, although not significantly. Overall, therefore, triage costs were higher than those for standard management, but the difference did not reach significance. The 95% confidence interval around the bootstrapped mean difference in total costs was − £0.23 to £3.02 (using the bias corrected bootstrap), which confirms the appropriateness of using the t test.
We did sensitivity analyses by varying unit costs of general practitioner and nurse salaries using both lower and higher estimates based on training costs plus salary costs and using national 27 rather than local estimates to calculate the costs of out of hours and accident and emergency services. The lower sensitivity analysis indicated that cost differences were not significant (mean difference £0.71, − 0.69 to 2.11, P=0.32), whereas the highest cost estimates showed triage to be significantly more expensive (mean difference £2.32, £0.42 to £4.22, P=0.017). A further sensitivity analysis in which we removed accident and emergency costs found that cost differences were not significant (£0.45, 
Discussion
Our triage system resulted in general practitioners having 29-44% fewer same day appointments than standard management, with 40% of requests being managed by nurses alone. However, although general practitioner time was 2.45 minutes less per patient in the triage system, the total time to manage same day requests was 1.70 minutes more per patient. Triage was no cheaper than standard management as savings in general practitioner time and drugs costs were offset by increases in nursing, follow up, out of hours, and accident and emergency costs.
Robustness of results
The type of presenting problems differed between the standard and triage groups. This cannot be because receptionists selected certain patients for triage because we included data from every patient requesting a same day appointment during data collection periods. These differences do not account for cost differences between standard management and triage. In both groups, respiratory and dermatological disorders were cheaper to treat than other conditions. The increased numbers of respiratory and dermatological disorders in the triage group, therefore, do not account for the increase in costs. The larger number of patients with multiple diagnoses in the triage group is not explained by nurses eliciting more complaints or categorising problems under multiple headings-general practitioners made more diagnoses in triage than in standard management. Furthermore, although the difference between costs of one and multiple diagnoses was highly significant (P < 0.001), the larger number of multiple diagnoses in the triage group accounted for only £0.69 of the cost difference between the groups.
Effect of triage
During triage, patients were more than twice as likely to receive telephone advice only and almost four times as likely to be managed by a nurse. The triage system affected general practitioner time by reducing the proportion of patients managed by general practitioners not by reducing individual consultation times during general practitioner appointments or home visits. Although the extra complexity of the triage system required more time, both this and the replacement general practitioner time was found through additional nursing time.
The effect of the triage system was greater than the modifying effect of surgery site. This suggests that a nurse telephone triage system can reduce general practitioner workload in sites with a varied range of patient profiles and working practices. For example, in surgery C, which had the highest levels of home visits, triage had the greatest effect on home visits and there was a 16% difference in favour of triage.
In line with previous findings, 3 more patients returned to surgery within one month after triage than after standard management. However, more patients required accident and emergency or out of hours care. This observation is at odds with the findings of the South Wiltshire Out of Hours Project (SWOOP) trial, 23 which reported no difference in the number of accident and emergency attendances between triage and standard care. However, that trial measured attendance only three days after triage whereas we measured it after 28 days. Furthermore, accident and emergency attendance was not a predetermined primary outcome, so the number attending accident and emergency is relatively small. The effect on emergency care needs further investigation since additional use of out of hours and accident and emergency services may be a consequence of patients not having their needs met in the triage system. Other measures of patient outcomes are also required in future studies to investigate the clinical effectiveness and quality of triage for individual patients.
Costs
The costs of increased emergency care, together with the nursing costs required to carry out triage, offset the savings in general practitioner and drug costs for same day appointments. Our estimates of the costs of routine appointments are limited to estimates from same day appointment times. However, sensitivity analyses equalising the extra costs of accident and emergency and multiple diagnoses still returned no cost savings in favour of introducing triage.
Some of the cost differences between the two systems are predictable. In terms of practice based care, many returns to surgery are planned, routine appointments. One of the benefits of triage is the diversion of patients from inappropriate same day appointment to routine appointments, when general practitioners and nurses can plan their workload. Thus, the cost of the appointment is transferred from same day appointment to routine care. However, in a triage system the total cost of such routine patient care also includes the extra costs of the triage process.
Advantages and disadvantages
The chief benefits of triage seem to be to smooth out the peaks and troughs of unplanned general practitioner workload. In addition, patients are able to discuss their problems with a primary healthcare professional within minutes rather than days. The disadvantages may be busier routine surgeries, increased nursing time, and a small but significant increase in out of hours and accident and emergency attendance. Triage does not reduce the costs of managing patients who request same day appointments.
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What is already known on this topic
Nurse telephone triage is used to manage the increasing demand for same day appointments in general practice
Evidence that nurse telephone triage is effective is limited
What this study adds
Triage resulted in 29-44% fewer same day appointments with general practitioners than standard management Nursing and overall time increased in the triage group as 40% of patients were managed by nurses 
